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68 Intravitreal Injections: Techniques and Sequelae

the number of patients that can be treated, the 
workload associated with each patient has to be 
minimized within the treating unit; therefore, it is 
likely that more and more pre- and postoperative 
examinations will be shifted to places outside the 
centers where the injections are performed. In a 
relatively short period of time, ophthalmologists 
and optometrists who are currently not perform-
ing intraocular injections will be confronted with 
a larger number of patients following intravitreal 
injections. In this chapter, the techniques, com-
plications, and guidelines for intravitreal injec-
tions are reviewed. Because of the recent shift in 

the application of intravitreal drugs, the chapter 
focuses on studies of anti-VEGF substances and 
triamcinolone.

5.2 Complications 
of Intravitreal Injections

With an appropriate technique, the intravitreal 
injection of a drug is a straightforward surgi-
cal procedure that carries a low rate of serious 
complications (Table 5.1). Yet, the first published 
multicenter study showed that the disregard 

Table 5.1 Complications of intravitreal injections

Complication Peri-
operative

Early 
(>7 days)

Late 
(>7 days)

Incidence Related to in-
jected substance

Conjunctival 
hemorrhage

X X ~20–40% –

Conjunctival scarring X

Punctate keratitis X X ~30% –

Pain X X ~30%

Traumatic cataract X X X <1% –

Cataract progression X First year:
~15%
~40% (triamcinolone) 

X

Central retinal 
artery occlusion

X X <1% –

Vitreous reflux X X  ~20% –

Vitreous hemorrhage X X X <1% –

Vitreous floaters X X X ~30% X

Intraocular 
inflammation

X X ~20% X

Uveitis/pseudo-
endophthalmitis

X ~1% X

Endophthalmitis X X ~0.15% per injection
~1% per patient with 
multiple injections

X

Retinal detachment X X <1% –

Ocular hypertension X X X Triamcinolone
~40%

X
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of basic standards for intraocular surgery can 
quickly increase the rate of complications to un-
acceptable levels. In the initial stages of the VI-
SION trial, the rates of bacterial endophthalmitis 
were more than 4-fold higher than those after 
routine cataract surgery [8, 14]. Serious adverse 
events occurred in 19% of patients (169 out of 
892), although serious adverse events were also 
noted in 15% of patients (45 out of 298) with 
sham treatment [8]. These figures underline that 
intravitreal injections should be treated as intra-
ocular surgery and conducted according to the 
standards applied to all intraocular procedures, 
e.g., asepsis of the operating field and a sterile 
technique throughout the process. Even with 
the greatest care, complications associated with 
intravitreal injections will never be avoided com-
pletely; however, as demonstrated in the recent 
large prospective trials, in only very few cases 
will these complications lead to a long-term re-
duction in visual acuity or discontinuation of the 
treatment if dealt with in a timely and appropri-
ate fashion [4, 8, 14, 29].

5.2.1 Methodology
In this chapter, the complications associated with 
intraocular injections are reviewed. A methodo-
logical review is flawed by several problems: 
1. The most serious side effects of intravitreal in-

jections (e.g., endophthalmitis, retinal detach-
ment, glaucoma, cataract) are rare following 
anti-VEGF treatment and occur in less than 
1% of injections and in about 1–2% of patients 
undergoing repeated injections. Only ran-
domized prospective trials with large patient 
numbers are able to reflect the true rate of 
complications associated with the drug exam-
ined and the treatment protocol applied. Such 
trials have been published for pegaptanib and 
ranibizumab (Table 5.2) [4, 8, 14, 29].

2. For the two other currently most commonly 
used drugs, bevacizumab and triamcinolone, 
such studies do not exist and it is unlikely that 
this will be the case in the near future.

3. Other important, potentially sight-threaten-
ing complications of injections are intraocular 
inflammation, cataract development, and a 
rise in intraocular pressure (IOP). The exami-

nation methods, time points, and definitions 
for the detection of these complications vary 
from study to study.

4. Different protocols for the performance of in-
travitreal injections have been used. The dif-
ferences in the injection technique (e.g., sub-
conjunctival anesthesia, perioperative drug 
treatment, etc.) can have a significant influ-
ence on the complication rate.

5.2.2 Perioperative Complications
Complications following intravitreal injections 
can be divided according to their occurrence 
into perioperative, early postoperative, and late 
(Table 5.1). Furthermore, complications from 
the intraocular injection procedure itself have to 
be distinguished from possible biological side-ef-
fects of the injected substance.

5.2.2.1 Conjunctival Hemorrhage
Conjunctival hemorrhage is related to the trauma 
caused by manipulations during the injection, 
e.g., forceps or needle injuries. Obviously, when 
subconjunctival anesthesia is used, the need for 
two injections increases the risk of this complica-
tion. In one series, subconjunctival hemorrhages 
could be seen in 18% of patients with intravitreal 
injections and topical anesthesia versus 40% in 
patients with subconjunctival anesthesia [22]. 
Nevertheless, even with topical anesthesia, hem-
orrhage can be seen in up to 37% of patients [7].

In the vast majority of cases, conjunctival 
hemorrhages is more cosmetically disturbing 
than harmful. They clear spontaneously within 
7–14 days and do not require any therapy. Very 
rarely, they can progress to cause significant an-
terior segment problems that require surgical 
intervention. The risk of significant conjunctival 
hemorrhage seems to be increased in patients 
with anticoagulant therapy, e.g., warfarin [15]. 
In contrast to their relative insignificance in the 
majority of cases, conjunctival hemorrhage is of-
ten perceived as a serious side-effect from the pa-
tients’ point of view. Particularly in an outpatient 
setting without a scheduled short-term follow-up 
examination, patients have to be instructed about 
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70 Intravitreal Injections: Techniques and Sequelae

Table 5.2 Ocular adverse events in studies of pegaptanib and ranibizumab

Follow-up 
(months)

Number 
of patients

Number 
of injections

Endophthal-
mitis (n)

Per patient 
(%)

Per injection
(%)

Pegaptanib
VISION [14]

0.3 mg 295

1.0 mg 301

3.0 mg 296

First year 12 892 7,545 12 1.3 0.16

Second year 374 4,091 4 1.0 0.1

Ranibizumab
MARINA [29]

0.3 mg 24 238 NA 2 0.8

0.5 mg 24 240 NA 3 1.2

Total 478 10,443 5 1.0 0.05

ANCHOR [4] 12

0.3 mg 12 137 1,507 0 0 0

0.5 mg 12 140 1,568 2 0.14

Total 277 3,075 2 0.07 0.006

Control groups
VISION 
(sham injection)

24 298

ANCHOR 
(PDT)

12 140 0

MARINA
(sham injection)

24 238 0
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Inflammation 
(%)

Uveitis 
(%)

Cataract 
(%)

Cataract 
surgery (%)

Glaucoma 
(%)

Retinal 
detachment (%)

16 Split in different 
grades, high-
est grade 17%

>35 mmHg
9

14 18 9 1

13 22 15 0.3

<1

1.6

17 1.2 15 5.1 >30 mmHg
13.0

>40 mmHg
2.3

–

21 1.2 15 7.2 17.6 2.3 –

19 1.2 6.1 –

12 11 5.3 >30 mmHg
8.8

>40 mmHg
2.9

0.7

8 12.9 1.2 8.6 2.9 –

0.3

16 26 18

3 7.0 0 >30 mmHg
4.2

>40 mmHg
0.7

0.7

12 0 15.7 >30 mmHg
3.4

>40 mmHg
0

0.4
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cidental moving of the needle tip toward the lens 
can never be fully avoided, and even intralenticu-
lar injections have been reported [19].

In the VISION trial, the rate of traumatic cata-
ract was 0.07% (5 out of 892) [8]. The importance 
of the appropriate injection technique is under-
lined by the fact that, in this trial, 2 of the 5 lens 
injuries occurred on the same day in one center 
[8]. In the MARINA trial, lens damage was noted 
in 0.2% (1 out of 477) [29]. In the ANCHOR trial, 
no lens damage was noted during the first year in 
277 patients with multiple injections [4].

5.2.2.7 Cataract Progression
Any intraocular manipulation is likely to be asso-
ciated with an increase in cataract formation over 
time. The analysis of this complication is made 
difficult by several factors:
1. Different systems for grading and diverse def-

initions of “cataract progression” have been 
used in studies on intravitreal injections.

2. The systems for cataract grading currently 
used are still biased by subjective differences 
in the grading of lens opacities by different ex-
aminers.

3. The majority of published studies are retro-
spective in nature and a precise recording 
of cataract progression does not seem to be 
achievable with such study designs.

4. A difference in cataract progression may only 
be seen after several years of follow-up. To 
date, most studies cannot provide the neces-
sary data because follow-ups are limited to 1 
or 2 years.

5. A significant amount of cataract progression 
is likely to occur in the age group of patients 
with AMD unrelated to any intervention.

The latter is underlined by the rates of cata-
ract progression that were noted in the control 
groups of prospective trials. These were 16% in 
the MARINA trial (sham injection), 7% in the 
ANCHOR trial (photodynamic therapy + sham 
injection), and 26% in the VISION trial (sham 
injection) [4, 8, 14, 29]. In comparison, similar or 
slightly higher rates of cataract progression could 
be noted in the treatment groups (MARINA 15%, 
ANCHOR 11–13%, and VISION 17–22%) [4, 8, 
14, 29]. Very few patients underwent cataract 

surgery during the trial periods in these studies. 
Overall, there seems to be little or no cataracto-
genicity of repeated intraocular injections with 
anti-VEGF substances compared with their re-
spective control groups within the first 2 years.

In contrast to the intravitreal application of 
anti-VEGF substances, intravitreal triamcino-
lone is associated with a higher rate of cataract 
development. By and large, cataract surgery has 
been performed in 20–45% of patients within the 
first year of the initial injection [21, 33]. The rate 
of cataract formation and consecutive surgery 
is time-dependent. In a prospective 2-year trial, 
cataract surgery was performed in 54% of pa-
tients (15 out of 28) with diabetic macular edema 
treated with intravitreal triamcinolone compared 
with 0% (0 out of 21) in the control group [12].

The cataractogenicity of local and systemic 
steroids has long been established; yet, the pre-
cise mechanisms are not clearly understood [20]. 
In the majority of cases, steroid use is associated 
with posterior subcapsular cataract formation. 
In addition, cortical cataracts and, to a lesser 
extent, nuclear cataract progression can also be 
seen following intravitreal triamcinolone injec-
tion [11, 33]. Interestingly, there seems to be a 
highly significant association of the second ma-
jor complication of intravitreal triamcinolone, 
the rise in IOP, with the progression of subcapsu-
lar posterior and cortical cataracts [11]. A higher 
rate of cataract progression should therefore be 
expected in patients who are classified as steroid 
responders according to a rise in IOP following 
the injection.

5.2.2.8 Retinal Perforation
Entering the posterior segment with a sharp in-
strument carries the potential risk of retinal in-
jury. This can occur when the entry site is too 
posterior (>5 mm), the needle is too long and ad-
vanced too far, the needle is pointed in the wrong 
direction or detached retina or choroid are in the 
way of the needle. No such retinal injuries have 
been reported in recent multicenter trials [4, 8, 
14, 29]. Inspection of the retinal periphery before 
and after the injection should be included in the 
routine injection procedure. With appropriate 
training of surgeons, retinal injuries should be 
avoidable.

5.2 Complications of Intravitreal Injections 73
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significantly lower and were seen in up to 20% 
within the treatment groups. There was no cor-
relation between the level of intraocular inflam-
mation and the injected drug dose and a compa-
rable rate and severity of events could be seen in 
the respective control groups [4, 8, 14, 29]. Typi-
cally, intraocular inflammations following ra-
nibizumab and pegaptanib can be seen on day 1
after the injection and usually subside without 
treatment within 14 days. Anti-inflammatory 
treatment is not necessary in most cases. There 
does not seem to be an increased risk of more se-
vere inflammation with repeated injections that 
would indicate an amplification of the immune 
response as a reaction to the injected proteins. 
In contrast, lower intraocular inflammation 
scores were seen following repeated injections in 
a dose-escalating study with more frequent and 
higher dosed injections compared with the cur-
rently recommended doses of ranibizumab [28].

Another drug that was documented to cause 
a biological reaction following intravitreal injec-
tion is bovine hyaluronidase. Increased intra-
ocular inflammatory responses with a dose re-
lationship could be seen. The rates of moderate 
or severe iritis in the study by Kupperman et al. 
were 0% (observation) and 8% (saline injection) 
in the control groups versus 20% (7.5 IU hyal-
uronidase), 37% (55 IU), and 40% (75 IU) [24] 
in the treatment groups.

Intraocular inflammatory reactions (with the 
exception of pseudo-endophthalmitis or endo-
phthalmitis, see Sect. 5.2.2.13) do not seem to 
be a particular problem following intravitreal 
triamcinolone [21]. When injected into the ante-
rior chamber and capsular bag following routine 
cataract surgery, there is a dose-related reduction 
of the anterior chamber inflammatory response 
[13]. In one series of 759 consecutive intravitreal 
injections, no significant anterior chamber reac-
tion could be noted [23]. This is probably due to 
the immunosuppressive effect of the drug. 

5.2.2.13 Uveitis and Pseudo-
endophthalmitis

The vast majority of inflammatory reactions 
in the anterior and posterior chamber follow-
ing intravitreal injections are of low grade and 

do not require any treatment. They are usually 
thought to be associated with the injection pro-
cedure. Occasionally, severe intraocular inflam-
matory reactions can be seen. In these rare cases 
it is important, although sometimes extremely 
difficult, to differentiate a sterile inflammatory 
process from an inflammatory reaction as-
sociated with infectious endophthalmitis. To 
complicate things further, the term “pseudo-
endophthalmitis” has been introduced. This 
has almost exclusively been used for severe in-
traocular inflammations following intravitreal 
triamcinolone injections.

Low-grade inflammatory reactions following 
intravitreal injections are thought to be a reac-
tion to the injection procedure, whereas severe, 
noninfectious reactions might be caused by the 
drug itself (or its solvent) [29]. To distinguish 
low-grade inflammation from clinically signifi-
cant inflammatory reactions, the latter are often 
classified as uveitis. In a phase I/II study of ra-
nibizumab, one case of a severe recurrent uveitis 
was noted [16]; the uveitis recurred after each 
injection of the drug, underlining the likelihood 
of a biological reaction to the injected antibody. 
In the larger prospective studies of ranibizumab, 
uveitis could be seen in 1 of the 277 cases in the 
ANCHOR trial and in 1.2% of cases (6 out of 
478) in the MARINA trial. In the Bevacizumab 
Safety Survey, 10 cases of uveitis out of a total of 
5,228 patients (0.19%) were reported [10]. No 
severe intraocular inflammations other than en-
dophthalmitis were reported to occur following 
pegaptanib injection in the VISION trial [14].

Pseudo-endophthalmitis (synonyms: sterile, 
noninfectious or toxic endophthalmitis) is char-
acterized by intraocular changes or a severe in-
flammatory reaction mimicking the clinical pic-
ture of infectious endophthalmitis. This reaction 
is almost exclusively seen following intravitreal 
injection of unaltered, commercially available 
triamcinolone. Three different paths can lead to 
its manifestation:
1. Immune reaction to the vehicle of the injected 

drug, leading to severe intraocular uveitis.
2. Collection of triamcinolone crystals in the 

anterior chamber, mimicking the picture of a 
hypopyon. This can particularly seen in eyes 
with previous vitrectomy and defects in the 
lens capsule or zonular fibers, or when part 

5.2 Complications of Intravitreal Injections 75

Samsung Bioepis Exhibit 1039 - Page 11 
Biocon Exhibit 1039 - Page 11



76 Intravitreal Injections: Techniques and Sequelae

of the injected triamcinolone is misdirected 
alongside the anterior vitreous surface.

3. The crushing of triamcinolone crystals in 
small-gauge cannulae (30- or 31-gauge), lead-
ing to an almost immediate and dense vitre-
ous haze following the injection.

There is no unambiguous clinical sign to dif-
ferentiate pseudo-endophthalmitis from infec-
tious endophthalmitis. However, some clinical 
features are more commonly associated with 
pseudo-endophthalmitis:
1. Clinical signs develop within the first few 

hours of the injection. This does not exclude 
infectious endophthalmitis, but newly diag-
nosed intraocular inflammation days after 
the injection should is more indicative of 
infectious endophthalmitis and rather than 
pseudo-endophthalmitis.

2. Pain, periorbital swelling and photophobia 
are usually absent in pseudo-endophthalmi-
tis. However, it should be kept in mind that 
pain is also absent in about 20% of infectious 
endophthalmitis.

3. Dense vitreous infiltrates and pseudo-hypo-
pyon seen in pseudo-endophthalmitis are 
accompanied by a relatively low-grade ante-
rior chamber reaction (e.g., very few anterior 
chamber cells above the crystals).

4. Anterior chamber taps or vitreous biopsies 
fail to isolate bacterial or fungal organisms.

Some authors advocate purification of com-
mercially available triamcinolone before intra-
vitreal injection in order to eliminate the vehicle 
and to lower the occurrence of toxic reactions. 
With this technique, only one case of pseudo-en-
dophthalmitis could be seen after 759 injections 
in a series by Kreissig et al. [23]. In contrast, in 
a series of 922 injections without removal of the 
vehicle, 8 cases of pseudo-endophthalmitis were 
seen (0.87%) [26].

Pseudo-endophthalmitis usually subsides 
without any specific therapy over 7–14 days. In 
contrast, infectious endophthalmitis can prog-
ress extremely quickly without appropriate treat-
ment with potentially devastating consequences. 
Weighing the potential risks of treating a case of 
pseudo-endophthalmitis with intraocular anti-
biotics against delaying treatment of infectious 
endophthalmitis, it seems justified to recom-

mend treatment with intraocular antibiotics in 
uncertain cases.

5.2.2.14 Endophthalmitis
Infectious endophthalmitis is the most feared 
complication of intravitreal injections and has 
been reported after application of all currently 
used preparations. The prevention of postopera-
tive endophthalmitis is one of the key issues in-
fluencing the organization and implementation 
of intravitreal injections on a larger scale. The 
first large multicenter studies of intravitreal anti-
VEGF treatment revealed several problems that 
need to be considered when integrating this type 
of therapy into routine practice:
1. The endophthalmitis rates per patient fol-

lowing repeated intraocular injections are 
significantly higher than rates reported after 
routine cataract surgery. This underlines the 
importance of appropriate hygiene standards 
and techniques for intraocular injections.

2. The rate of endophthalmitis can be lowered 
by adherence to certain standards, e.g., ster-
ile environment, and appropriate disinfection 
[8]. This, in return, has a major impact on the 
costs and the logistics of patient treatment.

3. With timely and appropriate treatment, dev-
astating outcomes can be avoided and the ma-
jority of patients will go on and continue the 
therapy if more injections are needed [8].

Prevention and timely treatment are key issues 
to lower the rates of post-injection endophthal-
mitis and its potentially devastating outcomes. 
This concerns not only the injection itself, but 
also the pre-operative examination and postop-
erative care of the patient:
1. Patients with acute or chronic infections of 

the anterior segment and ocular adnexa, e.g., 
conjunctivitis or blepharitis, should first un-
dergo treatment of the infectious disease be-
fore proceeding to the injection.

2. The preparation of the ocular surface should 
aim to minimize the bacterial contamination 
during the injection. Additional measures, 
e.g., sterile drapes and the use of a lid specu-
lum, have been associated with a decrease in 
postoperative endophthalmitis in one study 
[8].
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3. The preparation of drugs and any modification 
processes (e.g., separation from the solvent of 
commercially available triamcinolone) have 
to be performed under sterile conditions.

4. Patients at higher risk of endophthalmitis 
(e.g., those post-filtering surgery, with immu-
nosuppression, with diabetes) have to be iden-
tified, informed about their increased risk and 
monitored more closely.

5. Patients have to be informed about possible 
signs and symptoms of endophthalmitis.

6. Patients should be provided with clear in-
structions and pathways of whom to contact 
and where to be examined if symptoms or 
signs of endophthalmitis develop.

7. Ophthalmologists performing intravitreal 
injections should be familiar with the cur-
rent treatment recommendations for postop-
erative endophthalmitis and should be able to 
perform an injection of intravitreal antibiotics 
in cases of presumed infectious endophthal-
mitis. Any delay in initiation of treatment can 
lower the chances of a successful treatment 
outcome.

8. Patients with routine topical eye medications 
(e.g., glaucoma drops or artificial tears) should 
discard their old eye drop bottles and resume 
with new bottles due to the possibility of bac-
terial contamination of old opened bottles.

Currently, it is unclear whether or not sched-
uled follow-up visits can lower the rate of dev-
astating outcomes in cases of infectious endo-
phthalmitis, e.g., by detecting clinical signs of 
endophthalmitis before patients become symp-
tomatic and seek medical attention. The necessity 
of follow-up visits, the extent of these examina-
tions, their frequency and timing would depend 
on such information, and this would have a ma-
jor impact on the costs and logistics of routine 
application of intravitreal drugs. No universally 
accepted guidelines have been established on this 
matter so far and recommendations regarding 
postoperative follow-up examinations differ sig-
nificantly between studies and current guidelines 
(Table 5.1).

In the three major trials published on intra-
vitreal anti-VEGF therapy, endophthalmitis rates 
were between 0.006% and 0.16% per injection 
and between 0.07% and 1.3% per patient [4, 8, 14, 
29]. There were a total of 19 cases of presumed in-

fectious endophthalmitis, with 11 out of 19 being 
culture-positive. The most commonly isolated 
organism was Staphylococcus aureus. In the Be-
vacizumab Safety Survey, 1 case of endophthal-
mitis in 5,228 patients with 7,113 injections has 
been reported [10]. However, these data come 
from a self-reporting survey with the potential of 
under-reporting serious adverse events. 

Post-injection endophthalmitis has been a 
particular concern in conjunction with the in-
travitreal use of triamcinolone. In a review of 
922 patients treated at different institutions with 
intravitreal triamcinolone, 8 patients with in-
fectious endophthalmitis were identified, lead-
ing to an endophthalmitis rate of 0.87% [26]. In 
contrast, Kreissig et al. observed only 1 case of 
endophthalmitis following 759 injections (0.1%) 
in 645 eyes (0.1%) [23]. There are differences 
between infectious endophthalmitis following 
intravitreal injection of triamcinolone and that 
after anti-VEGF therapy or other intravitreally 
applied drugs:
1. There seems to be a higher risk of infectious 

endophthalmitis following triamcinolone in-
jection. This is likely to be due to the immu-
nosuppressive steroid effect of the drug. Also, 
more patients at higher risk of endophthal-
mitis are usually included in the populations 
treated with triamcinolone (e.g., those with 
diabetes).

2. Severe pain associated with the onset of endo-
phthalmitis seems to be less common.

3. The clinical course is often prolonged, but 
more foudroyant, and the rate of eyes with to-
tal visual loss, phthisis or enucleation may be 
higher compared with other causes of infec-
tious post-injection endophthalmitis.

4. The spectrum of cultured organism shows a 
greater variation of different bacterial species 
causing endophthalmitis.

5. The histology of enucleated globes demon-
strates differences with regard to the morph-
ology of the inflammatory infiltrations, possi-
bly due to local variation in the triamcinolone 
concentration and its immunosuppressive ef-
fects.

The current first-line treatment for infectious 
endophthalmitis is intravitreal injection of anti-
biotics and/or pars plana vitrectomy in advanced 
cases. The choice of antibiotic depends on the 

5.2 Complications of Intravitreal Injections 77

Samsung Bioepis Exhibit 1039 - Page 13 
Biocon Exhibit 1039 - Page 13











82 Intravitreal Injections: Techniques and Sequelae
Ta

bl
e

5.
3

Cu
rr

en
t g

ui
de

lin
es

 an
d 

pr
ef

er
re

d 
pr

ac
tic

e s
ur

ve
y 

fo
r i

nt
ra

vi
tre

al
 in

je
ct

io
ns

G
ui

de
lin

es
Pr

ef
er

re
d 

pr
ac

tic
e s

ur
ve

y

G
er

m
an

 O
ph

th
al

m
ol

og
ic

al
  

So
ci

et
y

C
on

se
ns

us
 St

at
em

en
t R

et
in

a 
Ro

ya
l C

ol
le

ge
 o

f O
ph

th
al

m
ol

og
ist

s
ht

tp
://

w
w

w.
rc

op
ht

h.
ac

.u
k/

Ro
ya

l C
ol

le
ge

 o
f O

ph
th

al
m

ol
og

ist
 

Sp
ec

ia
lis

t r
eg

ist
er

 

C
ou

nt
ry

, y
ea

r
G

er
m

an
y, 

20
05

 [1
8]

U
SA

, 2
00

4 
[1

]
U

ni
te

d 
Ki

ng
do

m
, 2

00
6

U
ni

te
d 

Ki
ng

do
m

, 2
00

6 
[2

]

Pr
ep

ar
at

io
n

Lo
ca

tio
n

O
pe

ra
tin

g 
th

ea
te

r
–

O
pe

ra
tin

g 
th

ea
te

r o
r d

ed
ic

at
ed

 
ro

om
 in

 o
ut

pa
tie

nt
s c

lin
ic

77
%

 o
pe

ra
tin

g 
th

ea
te

r
19

%
 o

ut
pa

tie
nt

s

Re
m

ov
al

 o
f v

eh
ic

le
 

(tr
ia

m
ci

no
lo

ne
)

Re
co

m
m

en
de

d
–

–
5.

8%

Pr
et

re
at

m
en

t a
nt

ib
io

tic
s

Re
co

m
m

en
de

d 
in

 
hi

gh
-r

isk
 ca

se
s

O
pt

io
na

l
O

pt
io

na
l

M
yd

ria
tic

s
Ye

s
Ye

s
Ye

s
78

%

To
pi

ca
l a

ne
st

he
sia

Ye
s

Ye
s

Su
bc

on
ju

nc
tiv

al
 an

es
th

es
ia

O
pt

io
na

l
O

pt
io

na
l

O
pt

io
na

l

C
on

ju
nc

tiv
al

 d
isi

nf
ec

tio
n

10
m

l p
ov

id
on

e-
io

di
ne

 5
%

Po
vi

do
ne

-io
di

ne
5%

 p
ov

id
on

e-
io

di
ne

 d
ro

ps
 

3
m

in
 b

ef
or

e i
nj

ec
tio

n
94

%
 p

ov
id

on
e i

od
in

e

Li
d 

di
sin

fe
ct

io
n

Po
vi

do
ne

-io
di

ne
 1

0%
Po

vi
do

ne
-io

di
ne

N
o 

sc
ru

bb
in

g 
of

 li
d 

m
ar

gi
ns

Po
vi

do
ne

-io
di

ne
 1

0%

H
an

d 
di

sin
fe

ct
io

n
Ye

s
–

Ye
s

G
lo

ve
s

Ye
s

Ye
s

Ye
s

86
%

St
er

ile
 d

ra
pe

Ye
s

O
pt

io
na

l
Ye

s
63

%

Li
d 

sp
ec

ul
um

Ye
s

Ye
s

Ye
s

Pr
eo

pe
ra

tiv
e i

nt
ra

oc
ul

ar
 

pr
es

su
re

 m
ea

su
re

m
en

t
Ye

s

Samsung Bioepis Exhibit 1039 - Page 18 
Biocon Exhibit 1039 - Page 18



Ta
bl

e
5.

3
(c

on
tin

ue
d)

 C
ur

re
nt

 g
ui

de
lin

es
 an

d 
pr

ef
er

re
d 

pr
ac

tic
e s

ur
ve

y 
fo

r i
nt

ra
vi

tre
al

 in
je

ct
io

ns

G
ui

de
lin

es
Pr

ef
er

re
d 

pr
ac

tic
e s

ur
ve

y

In
je

ct
io

n
Ca

nn
ul

a
27

- o
r 3

0-
ga

ug
e

27
-g

au
ge

 o
r s

m
al

le
r

le
ng

th
 1

2.
7 

to
 0

.1
5.

75
m

m
27

- t
o 

30
- g

au
ge

le
ng

th
 1

2.
7 

to
 1

5.
75

m
m

54
%

 2
7-

ga
ug

e
22

%
 3

0-
ga

ug
e

D
ist

an
ce

 to
 li

m
bu

s
3.

5
m

m
Ps

eu
do

ph
ak

ic
 3

.5
m

m
Ph

ak
ic

 4
.0

m
m

Ps
eu

do
ph

ak
ic

 3
.0

 to
 3

.5
m

m
Ph

ak
ic

 3
.5

 to
 4

.0
m

m

C
on

ju
nc

tiv
al

 sh
ift

Ye
s

–
–

N
ee

dl
e p

os
iti

on
in

g
Ad

va
nc

e 6
–7

m
m

Ad
va

nc
e a

t l
ea

st 
6

m
m

–

In
je

ct
io

n
N

ot
 to

o 
qu

ic
kl

y
M

od
er

at
ely

 sl
ow

Sl
ow

ly
 an

d 
ca

re
fu

lly

Bl
oc

ka
de

 sc
le

ro
to

m
y

Ye
s

Ye
s

Pa
ra

ce
nt

es
is

O
pt

io
na

l, 
no

t r
ou

tin
ely

re
co

m
m

en
de

d
O

pt
io

na
l, 

no
t r

ou
tin

ely
re

co
m

m
en

de
d

O
pt

io
na

l, 
no

t r
ou

tin
ely

re
co

m
m

en
de

d
11

%
 b

ef
or

e (
so

m
et

im
es

)
40

%
 aft

er
 (s

om
et

im
es

)

A
nt

ib
io

tic
 d

ro
ps

 im
m

e-
di

at
ely

 aft
er

 in
je

ct
io

n
–

–
Ye

s

Po
st

op
er

at
iv

e c
ar

e
Vi

su
al

 ac
ui

ty
 ch

ec
k

Ye
s

Ye
s

Ye
s

O
ph

th
al

m
os

co
py

Ye
s

Ye
s

N
o

Sl
it-

la
m

p 
ex

am
in

at
io

n
N

o
N

o
Ye

s

In
tr

ao
cu

la
r p

re
ss

ur
e c

he
ck

30
–6

0
m

in
M

on
ito

r p
re

ss
ur

e 
aft

er
 in

je
ct

io
n

W
ith

in
 3

0
m

in
26

%
 sa

m
e d

ay
23

%
 n

ex
t d

ay

To
pi

ca
l a

nt
ib

io
tic

s
O

pt
io

na
l f

or
 3

da
ys

O
pt

io
na

l
Fo

r 3
da

ys
58

%

Fo
llo

w
-u

p 
ex

am
in

at
io

n
Fi

rs
t d

ay
 p

os
t-i

nj
ec

tio
n

To
 b

e c
on

ta
ct

ed
 

by
 p

hy
sic

ia
n’s

 o
f-

fic
e w

ith
in

 1
w

ee
k

–

5.3 Surgical Technique for Intravitreal Injection 83

Samsung Bioepis Exhibit 1039 - Page 19 
Biocon Exhibit 1039 - Page 19







86 Intravitreal Injections: Techniques and Sequelae

5. Chen SD, Mohammed Q, Bowling B et al (2004) 
Vitreous wick syndrome—a potential cause of en-
dophthalmitis after intravitreal injection of triam-
cinolone through the pars plana. Am J Ophthal-
mol 137(6):1159–1160; author reply 1160–1161

6. Chen SN, Yang TC, Ho CL et al (2003) Retinal 
toxicity of intravitreal tissue plasminogen activa-
tor: case report and literature review. Ophthal-
mology 110(4):704–708

7. Costa RA, Jorge R, Calucci D et al (2006) Intravit-
real bevacizumab for choroidal neovasculariza-
tion caused by AMD (IBeNA Study): results of a 
phase 1 dose-escalation study. Invest Ophthalmol 
Vis Sci 47(10):4569–4578

8. D’Amico DJ, Patel M, Adamis AP et al (2006) 
Pegaptanib sodium for neovascular age-related 
macular degeneration: two-year safety results of 
the two prospective, multicenter, controlled clini-
cal trials. Ophthalmology 113(6): 992–1001.e6

9. Dwinger MC, Pieper-Bodeewes I, Eter N et al 
(2005) [Variations in intraocular pressure (IOP) 
and necessity for paracentesis following intravit-
real triamcinolone injection]. Klin Monatsbl Au-
genheilkd 222(8):638–642

10. Fung AE, Rosenfeld PJ, Reichel E (2006) The In-
ternational Intravitreal Bevacizumab Safety Sur-
vey: using the internet to assess drug safety world-
wide. Br J Ophthalmol 90(11):1344–1349

11. Gillies MC, Kuzniarz M, Craig J et al (2005) Intra-
vitreal triamcinolone-induced elevated intraocu-
lar pressure is associated with the development of 
posterior subcapsular cataract. Ophthalmology 
112(1):139–143

12. Gillies MC, Sutter FK, Simpson JM et al (2006) 
Intravitreal triamcinolone for refractory diabetic 
macular edema: two-year results of a double-
masked, placebo-controlled, randomized clinical 
trial. Ophthalmology 113(9):1533–1538

13. Gills JP, Gills P (2005) Effect of intracameral 
triamcinolone to control inflammation follow-
ing cataract surgery. J Cataract Refract Surg 
31(8):1670–1671

14. Gragoudas ES, Adamis AP, Cunningham ET 
Jr et al (2004) Pegaptanib for neovascular age-
related macular degeneration. N Engl J Med 
351(27):2805–2816

15. Gupta R, Negi A, Vernon SA (2005) Severe sub 
conjunctival haemorrhage following intravitreal 
triamcinolone for refractory diabetic oedema. 
Eye 19(5):590–591

16. Heier JS, Antoszyk AN, Pavan PR et al (2006) 
Ranibizumab for treatment of neovascular age-
related macular degeneration: a phase I/II multi-
center, controlled, multidose study. Ophthalmol-
ogy 113(4):633–642.e4

17. Jager RD, Aiello LP, Patel SC et al (2004) Risks of 
intravitreous injection: a comprehensive review. 
Retina 24(5):676–698

18. Jaissle GB, Szurman P, Bartz-Schmidt KU (2005) 
[Recommendation for the implementation of in-
travitreal injections—statement of the German 
Retina Society, the German Society of Ophthal-
mology (DOG) and the German Professional 
Association of Ophthalmologists (BVA)]. Klin 
Monatsbl Augenheilkd 222(5):390–395

19. Jalil A, Chaudhry NL, Gandhi JS et al (2007) 
Inadvertent injection of triamcinolone into the 
crystalline lens. Eye 21(1):152–154

20. Jobling AI, Augusteyn RC (2002) What causes 
steroid cataracts? A review of steroid-induced 
posterior subcapsular cataracts. Clin Exp Optom 
85(2):61–75

21. Jonas JB, Kreissig I, Degenring R (2005) Intra-
vitreal triamcinolone acetonide for treatment of 
intraocular proliferative, exudative, and neovas-
cular diseases. Prog Retin Eye Res 24(5):587–611

22. Kaderli B, Avci R (2006) Comparison of topical 
and subconjunctival anesthesia in intravitreal 
injection administrations. Eur J Ophthalmol 
16(5):718–721

23. Kreissig I, Degenring RF, Jonas JB (2006) [Intra-
vitreal triamcinolone acetonide. Complication of 
infectious and sterile endophthalmitis]. Ophthal-
mologe 103(1):30–34

24. Kuppermann BD, Thomas EL, de Smet MD et 
al (2005) Safety results of two phase III trials 
of an intravitreous injection of highly purified 
ovine hyaluronidase (Vitrase) for the manage-
ment of vitreous hemorrhage. Am J Ophthalmol 
140(4):585–597

25. Michels S (2006) Is intravitreal bevacizumab (Avas-
tin) safe? Br J Ophthalmol 90(11):1333–1334

Samsung Bioepis Exhibit 1039 - Page 22 
Biocon Exhibit 1039 - Page 22



26. Moshfeghi DM, Kaiser PK, Scott IU et al (2003) 
Acute endophthalmitis following intravitreal tri-
amcinolone acetonide injection. Am J Ophthal-
mol 136(5):791–796

27. Ochoa-Contreras D, Delsol-Coronado L, Buit-
rago ME et al (2000) Induced posterior vitreous 
detachment by intravitreal sulfur hexafluoride 
(SF6) injection in patients with nonproliferative 
diabetic retinopathy. Acta Ophthalmol Scand 
78(6):687–688

28. Rosenfeld PJ, Schwartz SD, Blumenkranz MS et 
al (2005) Maximum tolerated dose of a human-
ized anti-vascular endothelial growth factor 
antibody fragment for treating neovascular age-
related macular degeneration. Ophthalmology 
112(6):1048–1053

29. Rosenfeld PJ, Brown DM, Heier JS et al (2006) 
Ranibizumab for neovascular age-related macular 
degeneration. N Engl J Med 355(14):1419–1431

30. Roth DB, Scott IU, Gulati N et al (2006) Patient 
perceptions of discomfort and changes in vision 
and functional status associated with intravit-
real triamcinolone injection. Am J Ophthalmol 
142(3):492–494

31. Singh IP, Ahmad SI, Yeh D et al (2004) Early rapid 
rise in intraocular pressure after intravitreal tri-
amcinolone acetonide injection. Am J Ophthal-
mol 138(2):286–287

32. Szurman P, Kaczmarek R, Spitzer MS et al (2006) 
Differential toxic effect of dissolved triamcino-
lone and its crystalline deposits on cultured hu-
man retinal pigment epithelium (ARPE19) cells. 
Exp Eye Res 83(3):584–592

33. Thompson JT (2006) Cataract formation and 
other complications of intravitreal triamcino-
lone for macular edema. Am J Ophthalmol 
141(4):629–637

34. Ung T, Williams CP, Canning CR (2006) Globe 
rupture as a complication of intravitreal injection 
of triamcinolone. Eye (in press)

35. Widmer S, Helbig H (2006) Presumed macular 
toxicity of intravitreal antibiotics. Klin Monatsbl 
Augenheilkd 223(5):456–458

36. Yu SY, Damico FM, Viola F et al (2006) Retinal 
toxicity of intravitreal triamcinolone acetonide: a 
morphological study. Retina 26(5):531–536

References 87

Samsung Bioepis Exhibit 1039 - Page 23 
Biocon Exhibit 1039 - Page 23




